It is challenging to attempt to obtain CT perfusion (CTP) images of the hyperdense tissues, which could conceal the density of contrast material during perfusion study. We report a new technique of subtraction CTP (SCTP) to compensate the shortcomings. SCTP post-processed by perfusion software for the data of post-perfusion images subtracting pre-perfusion corresponding images slice by slice in CTP source images is technically feasible without any adverse effects on patients. It provides a new functional imaging with quantitatively hemodynamic indexes of tissue microcirculation and reflects accurately the change of blood flow in tissues and organs.
Introduction
Physiological, pathological activities of human tissues and organs are closely related to the change of their blood flow. As advancements in computed tomography (CT), CT perfusion (CTP) have been proven to reflect accurately this change of blood flow in tissues and organs [1, 2] . The non-invasive CTP provides morphological, functional information of normal and diseased tissues and organs, and provides critical information in the clinical management of diseases. Tissue perfusion, vascular proliferation, and underlying pathologyical changes could be evaluated by CTP, through quantitatively evaluating the hemodynamics of microcirculation at capillary level by detecting the dynamic distribution of contrast media in the capillaries within tissue. Based on time-density curve (TDC) and different mathematical models, values and mappings of quantitative functional parameters including blood flow (BF), blood volume (BV), mean transit time (MTT) of contrast media, time to peak (TTP) and permeability surface (PS) in local tissue were calculated with CTP [2] [3] [4] . And with the use of new CT, a larger z-coverage is provided [5] , and whole organ volume perfusion could be achieved [6] [7] [8] [9] [10] [11] . Hyperdense tissues, however, remain to be a major problem hindering the accurate depiction of CT perfusion parameters in these tissues, such as bone, hematoma, calcification, or liver tumor with iodized oil deposition after TACE. Therefore, CTP is very seldom utilized to evaluate early osteonecrosis [12] , acute intracerebral hemorrhage [13] and liver cancer after transarterial chemoembolization (TACE) treatment with retention of iodized oil [14, 15] , though few animal and clinical research studies showed perfusion parameters were useful in the assessment of therapeutic response of liver cancer [16, 17] . We thus designed a new CT perfusion technique, namely, the subtraction CT perfusion (SCTP), in order to effectively compensate the shortcomings of standard CTP.
Methods

General Methods
The study was approved by the institutional review board and the informed consent requirement was waived. On workstation (GE workstation, AW 4.2), three CTP datasets, including a case of stoke, a case of meningioma and a case of canine early osteonecrosis of femoral head (ONFH) proved by histopathology were selected. SCTP and routine CTP were performed to the 3 sets of imaging data. About 5 to 10 pixels in region of interesting (ROI) were drawn manually to automatically measure at least twice by an experienced radiologist (XJ Yang). The mean value expressed as s x  and its color-coded maps of the functional parameters of the BF, BV, MTT or PS were observed the difference between lesion and normal tissues on both CTP and SCTP. Owing to different case determination and observation, statistical analysis was not used to process the raw data.
Steps of SCTP
The SCTP technique included the following steps: 1) Routine CTP scanning was performed 5 -8 seconds following injection of iodinated contrast media through peripheral vein (scanning time 40 -50 seconds). In fact, SCTP could be performed with any existing CTP data sets like this study;
2) Using subtraction software in workstation, the image containing no contrast material was subtracted from the post-contrast perfusion images at the same level in different time frames slice by slice (Figure 1 ) manually or semi-automatically to create a new set of imaging data for SCTP source images;
3) Using perfusion software, the set of SCTP source imaging data were processed and analyzed to produce TDCs, mappings and values of tissue perfusion parameters of BF, BV, MTT or PS.
Results
After subtracted, a new set of 40 or 50 CTP images was created successfully to illustrated contrast media perfusion images of tissue regardless of underlying tissue density in the 3 CTP imaging data. And the new microcirculation hemodynamics color-coded maps (Figures 2-4 ) and the functional index values (Tables 1-3 ) of various parameters of BF, BV, MTT(s) or PS of areas of interest in tissue were all generated successfully on SCTP in the 3 new sets of subtraction source imaging data, and the mean total post-processing time was about 70 min. Compared to CTP, the lesion depiction on some mappings was shown better on SCTP, the values of BF, BV, and PS measured on SCTP were smaller, while value of MTT on SCTP was larger. The TDC generated from SCTP were similar to that from CTP, their trends were consistent, while the height of the entire SCTP curve was lower than that of the CTP curve. And, there were no any adverse effects of SCTP on patients. acte ), MTT (h) on SCTP reveals the osteonecrosis area with decreased perfusion, especially on mappin SCTP were acquired from the new data subtractedfrom CTP source images, in theory, SCTP was different from standard CTP due to the different patterns of source images. Thus it can be seen that the SCTP images and anazes based on the TDC of subtraction CTP source immodels in both SCTP and CTP is not different. Compared to conventional CTP, the SCTP clearly highlights post-perfusion changes of organs and tissues, in particular when there are underlying hyperdense tissues. It will be helpful to achieve functional CT quantification of ly ages. And this is main difference in mechanism between SCTP and CTP. The algorithm based on mathematical tumor perfusion after transhepatic arterial oil embolization to assess the residual tumor activity. Although more SCTP re values an maps also reflected those of CTP. On SCTP maps, the aging data of corresponding slice after le this novel method of SCTP could potentially enhance the routine clinical application of CTP. And this technique can be applied to clinical practice without any increase in radiation, simply using the CTP imaging data without additional CT scanning. In this study, the values of parameters of BF, BV, MTT and PS in same organ and tissue were different between CTP and SCTP; values of BF, BV and PS on SCTP were lower; and value of MTT on SCTP was higher. The analyses of perfusion imaging were not performed to look at the absolute values of parameters of BF, BV, PS and MTT, but rather the relative values derived from comparison of the values in ROI at the same slice between the lesion and peripheral region or contra-lateral side, so SCTP remained to be valid whether values of these parameters on SCTP were larger could be integrated into CT perfusion software, creating a new one-stop software for SCTP, post-processing time of SCTP could be significantly shortened. And compared to standard CTP [18, 19] , SCTP are even less tolerant to motion artifacts. In addition, subtraction process may lead to loss of some anatomical, physiological, and pathological information. In summary, the SCTP is technically feasible for CT functional imaging without any adverse effects on patients, and similar to CTP, it provides quantitatively hemodynamic parameters of tissue microcirculation and reflects accurately the change of blood flow in tissues MTT and PS. It can be particularly useful in the evaluation of perfusion of hyperdense tissues, such as bone, hematoma, calcification, or tumor after transhepatic arterial embolization with iodized oil. Its exact clinical value needs to be validated and the one-stop analytic software needs to be developed.
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